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ABSTRACT 


Proteins from hexane-defatted rapeseed meal (Brassica 
campestris var. Echo) were extracted with 0.01 M sodium pyrophosphate 
(pH» 7.0), LO percent (W/V) sodium chloride and 0.05 M acetic acid 
(pH 3.1) solutions. The extracts were purified by dialysis against 
Suitable buffers. The proteins were separated into soluble and 
insoluble fractions during dialysis, as a part of the protein mixture 
was precipitated during this operation. 

The lyophilyzed proteins from both the soluble and insoluble 
fractions after dialysis were subsequently dissolved in buffers and 
fractionated on peonee. G-100 molecular sieve columns into their 
various components. The distribution of protein moieties of different 
molecular size ranges was examined and shown to consist of high, 
intermediate and low molecular weight proteins. 

The complexity of each gel filtration fraction was then 
investigated on polyacrylamide gel columns, using tris-glycine buffer, 
pH 8.3, which revealed heterogeneity in the proteins extracted in the 
different solvent systems. The migration behavior of these protein 
moieties in the alkaline gals aalogel. suggested their neutral and 
basic character as well as the distribution of their molecular sizes. 
The 8 molar urea and dithiothreitol applied to the electrophoresis 
analysis appeared to demonstrate the dissociation and association 
phenomena of these proteins. 


The amino acid analyses of each fraction were performed, and 
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vi 
the data collected support the identification of the different classes 
of proteins which was based on the molecular weight and solubility 
behavior. With respect to nutritional quality, different fractions of 
proteins extracted with the two neutral salt solutions and dilute 
acetic acid solution were generally comparable in the essential amino 
acid composition, with only minor variation in lysine, histidine and 


arginine. 
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I. INTRODUCTION 


In solving the problem of providing adequate protein for an 
expanding world population, any large-scale increase in our protein 
requirement must be met by developing protein concentrates from plant 
sources. Therefore, more research on the nature and properties of 
plant proteins is needed. It has been shown that oilseeds can be a 
source of protein of good nutritive value and examples have been given 
of the ways in which non-traditional processes can lead to a fuller 
exploitation of oilseeds as a source of protein for human consumption 
(Kaye et al. 1961; Milner, 1966; Parpia and Subramanian, 1966; Dimler, 
HOG 

Rapeseed protein is of current interest since rapeseed is now 
an economic crop in Western Canada, primarily as a source of vegetable 
oil. Production of 37.1 million bushels of rapeseed in 1969 was 
aimostistinep! € tthe) 1964 production ofels 2°mpllionvbushells pw Rapeseed, 
crushed in modern mills, yields approximately 40 percent oil and 50 
percent meal; the remainder is moisture. The meals left after oil 
extraction contain large quantities of protein and are used primarily 
as animal feeds, although in some countries, they are used as a 
fertilizer. Two species of rape are grown in Canada: Brassica napus 
L., commonly called Argentine rapeseed and Brassica campestris L., 
commonly called Polish rapeseed. The ‘species B. campestris L. is the 


type most commonly grown in Western Canada, probably it is more 
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resistant to frost in the seedling stage than Argentine and may also 
be seeded late enough to escape the frost damage. The early maturity 
of the Polish is also a distinct advantage though seeds are smaller 
than those of Argentine and yields of seed are lower. 

With the development of new techniques and instruments, 
constituents of plant proteins have become more widely understood. 
Fractionation of proteins on Sephadex molecular sieve columns has 
resulted in much valuable information on protein from many sources. 
The Sephadex technique, which depends on differences in ineikarilen size 
and shape, is eran because it gives a minimal alteration of the 
protein systems being separated. Another method, that of gel 
electrophoresis, applied to the study of plant proteins, has 
demonstrated the effectiveness of preliminary purication and 
revealed many previously unrecognized protein components in plant 
protein extracts. 

Although extensive analyses have shown that rapeseed meal 
contains substantial amounts of sulfur containing and basic amino acids, 
few detailed investigations of rapeseed protein have been published. 
Some studies include results of analysis of the water, dilute aqueous 
ammonia, and salt soluble proteins (Finlayson, 1967; Bhatty et al. 
1968). The present study was undertaken to obtain a better knowledge 
of the protein of rapeseed (B. campestris L. var. Echo) by (a) the 
study of its solubility in different extracting media, (b) fractiona- 
tion according to molecular size, (c) determination of the complexity 
of its protein constituents, and (d) an examination of the amino acid 


content of each fraction. 
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It, REVIEW OF LITERATURE 


Nutritional Value of Oil Free Rapeseed Meal 

Bell (1955) in his review on the nutritional value of 
rapeseed meal stated that the first experiments on this subject 
were published in Germany as long ago as 1872; whereas in Northern 
America reports first appeared in 1944, because it had been 
generally considered that rapeseed was less palatable and less 
readily digestible than many of the other commonly used high- 
protein meals of plant origin. At present, however, advancements 
in processing technology have resulted in better quality meals. A 
recent report on commercial solvent-extracted rapeseed meals made 
by Ballester et al. (1970a) suggested that the meals contain a 
high protein content with an adequate level of available lysine 
and that their amino acid patterns corresponded to a good quality 
protein. | 

Because of its use as protein supplement, more attention 
has been given to rapeseed meal protein than other nutrients in 
the meal. Wetter (1965) reporting the protein content of rapeseed 
determined by Downey (unpublished data), stated that Downey found 
that defatted ground seeds of B. napus gave mean values of 47.1 
and 48.0 percent protein (N x 6.25); the mean values for B. 
campestris were 43.3 and 45.8 percent. Clandinin and Baylay (1963) 


showed that the protein content and the amino acids of the protein 
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h 
differed among varieties and strains and also with the locality of 
growth. The latter influenced notably the lysine content of the 
protein, and to a smaller extent, the histidine, arginine, 
phenylalanine and leucine eontent Lysine was significantly higher 
in B. campestris, while histidine was higher in one variety of Be 
napus. Sallans(1964) suggested that there was a reverse 
correlation of protein and oil yield as related to environmental 
conditions; generally, low rainfall with resulting low soil 
moisture and higher temperature led to a lower yield of oil seeds 
with a higher protein to oil ratio. 

Extensive denaturation of protein during the process of 
oil extraction (cooking the crushed seed prior to oil removal) has 
been observed by several workers. The damaging effect of heat 
upon amino acids was noted in the processing of various oilseeds, 
including soybean (Evan and Butts, 1948); sunflower (Renner, 1953); 
cottonseed (Conkerton, 1957); peanuts (Bensabat, 1958); mustard 
seed (Mustakas et al. 1962; McGhee, 1964); sesame (Carter, Cirino 
and Allen, 1961) and rapeseed (Clandinin et al. 1959; Clandinin and 
Tajcnar, 1961). The basic amino acids lysine, arginine and 
histidine, as well as cystine and tryptophan have been found to be 
affected. Among these lysine appeared to be the most sensitive and 
has been used as an index of destruction of the heat labile amino 
acids. McGhee et al. (1964) studying prolonged heating of mustard 
seed found lysine was reduced by 64.1, arginine by 30.1 and 
histidine by 15 percent. The damage loss is believed to be by 
destruction, or by a possible condensation with other amino acids 


in the protein chain in such fashion that the amino acids are not 
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liberated by digestion in vivo or by enzyme hydrolysis in vitro, 
but are liberated by acid hydrolysis; or a reaction with carbo- 
hydrates could occur, in which case amino acids would not be 
recovered upon acid hydrolysis (McGhee, 1964; Evan and Butts; 
1948; Lea and Hannan, 1950). 

Clandinin and Tajcnar (1961) studied the effect of cooking 
and conditioning temperatures on the lysine content of expeller 
processed meals and found that a decrease in the temperatures of 
both the cooker and conditioner resulted in an increase in lysine 
content in the meal. They also observed that lysine content of 
the meals correlated inversely with the final oil content. A 
marked reduction in the lysine content was found in the meal 
containing less than 6 percent residual oil. The average lysine 
content of the meals having over 6 percent residual oil was 4.8 
percent of the protein. When the oil had been removed with a 
petroleum ether solvent (Clandinin and Baylay, 1963) and the 
resulting meal had not been heated, the average lysine content 
found for six varieties of rapeseed tested was 5.3 percent. 

Clandinin, et al. (1959) found that the protein analyses 
of two expeller-processed commercial meals were 43.3 percent for 
B.. mapus and, 33.9 percent for B.. campestris.) In the) same) report 
values were given for seed processed at different temperatures but 
no marked difference in the protein content was observed. Manns 
and Bowland (1963) determined the protein content of two solvent- 
processed meals of B. campestris and the values appeared to be 
36.7 and 34.7 percent. These reports suggest, contrary to the 


above findings, that processing methods may affect the protein 
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content and careful control of the temperature during the process 
of oil extraction can avoid the protein damage of the meal. 

The amino acid composition of rapeseed meal has been 
studied extensively, because of the nutritional importance of 
specific amino acids and the interest in characterizing the 
component amino acids as related to the physicochemical properties 
of rapeseed protein. Bell (1955) reviewed the data of Roche and 
Michel (1946), Agren, (1952) and an unpublished report by Wetter 
and McConnell on amino acid composition of rapeseed oilmeal. These 
data do not agree and furthermore are different from those 
Bevoutedmpy ecoct neue tea .a1900)ham Millerset al. (1962) ina 
detailed study of the amino acid composition of the seed meals of 
41 Cruciferae species, compared B. napus with B. campestris and 
found little difference in the amino acid content. They also 
found no difference between the varieties grown in Sweden and in 
Canada. Wetter (1965) compared amino acid content of various 
rapeseed meals and other protein supplements and showed that the 
greatest variation occurred in the lysine, arginine, and serine 
content. Rapeseed meal compares quite favorably with other 
vegetable protein concentrates according to recent reports of 
Finlayson (1965), Bell, Downey and Wetter (1967), and Ballester 
et al, (19704). The results from these independent investigators 
were not comparable since differences in variety, meal sources, 
methods for oil removal, and amino acid assay techniques would 
affect the observed amino acid content. 

Little research has been conducted on the carbohydrate 


content of rapeseed meal. Matét, Nentagne and Buchy (1949) 


ealizeqarg luooimidgosulewts att wi hadelay ae chion Crim JaeNOQHOS’ 
bua afzuf 2c efnt ou towslve, (C000) ited .mistere biseegey Be 7 


Ta? 


dead7 
i a 
seats mos? sreqoh tlh ave syanrnlyeu? o> rp tog Oly 696 
; 7 
ent ,lf00!) .ja 30 whllt .(O00L) .ta sm gvleeed yt Hereogas > 
70 alwam besa se 2 wold Me a) Hiatt vclee Yo gouges bal tezes 


srt s@it hewotie Bis fo ba 2) a4 | ‘uc Iray ou, ] (foto ign 2 J yaonr' hureaqnay 


Sedeoliet bas .{1a0i) coy sow vas. eaten sfien \{&ae1) nena 
Ginger tmabasqahel Sead) wrad esinsear all .(eutey) ime 
- pasa seer = conniepvit ly adore Je 


_ 


Dna sivie pune» ff 9 Tey £ Nef iy a! PSwAgqets , aipeqe seta’ torr lé 


srigeac boa gerd ty ee ela ds wt a) boy 7456 notvelszey J¥ eS KeRg 


























itewh nde 46 anus giacneg wt bhive Wes Pet) seine 
z 
Yo eonatreqm! lenatiinzen of) lo seileosd’ Woevieaetee Detietg 


ted ean Laan besesqes Be rel) agate (Siom orto ot?” 


ott -gnds ised oneads =i Saasaicts oof? Bop ehl on ofa of Pf ooqe : 


) 


re¢@ vd d20987 hews fl dunn ah Bow (4¢0r 1 Dk ,( baed) lerto it 


‘foatilta® Mecogey To welelaeqeos kien onlme wo Ponnepal Gas 


—— 


oais yall smmone> Soe onlus silo ck. eaopoetdih siosil tage 

- 7 7 
bas oabewe ol gwor5 «o)tolvev of) manstod stmavedi 6 an Gabe ; 
suchuny je Anptne « ovine So teqmee (2004) rebel chawed 


vaiso déiw yidevaved estey eareqpoo leew Hsdesqah .Atesaey 


20. @230g%) Joeee1 co g_nlictoone Soy KcU eons itetory aldgiagey — 





i 


aan gem aon as 


reported that the carbohydrate content of European rapeseed cake 
varied from 20 to 25 percent. These values are similar to those 
reported for linseed cake. Another more detailed investigation by 
Mizuno (1958) found that B. napus oil-free meal contained the 
following carbohydrates: fructose (0.51 percent), glucose (0.21 
percent), sucrose (1.11 percent), raffinose (0.15 percent) and 
stachyose (0.19 percent). Trace amounts of a number of mono- 
saccharides, namely, arabinose, galactose, ribose, xylose and 
shay and galacturonic acid were also reported by the same 
authors. 

The oil content of rapeseed meal varies with method of oil 
removal, from 6 to 7 percent in expeller-processed meal, to 
between 1 and 4 percent in solvent extracted meal (Clandinin et al. 
Eo seodstakaseetual.|90)- eballester et, al. 19/04). Presumably, 
the fatty acid composition would be similar to the oil found in 
the original oilseed. Similar to other seed oils which belong to 
mustard family (Cruciferae), rapeseed oil contains large amounts 


Ofmerucicracid, aC acid, and gadolinic acid, a C acid. 


IE 20:0 


distinguishing these oils from most other vegetable oils, which 
generally contain fatty acids with C16 and Cig chains. Fatty 

acid analyses of rapeseed oil obtained by gas chromatography 
(Craig, 1961; Stefansson and Hougen, 1964) have revealed a 
negative correlation between oleic and erucic acid contents and 
come vatletionsins palmitic, linoleic. gand¥cicosinoicwacidsconutents, 
as well as extreme variability in erucic acid in two varieties of 


B. napus. A plant which produced inbred seed eontaining zero 


erucic acid was found in the variety Liho; and a plant that 
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produced 50 percent erucic acid in the oil was available from the 
variety Golden (Stefansson, Hougen and Downey, 1961). High 
contents of erucic acid have been observed to retard growth and 
produce other undesirable effects in animals given substantial 
quantities of rapeseed oil in their diet. However, these 
undesirable effects of rapeseed oil can be attributed also to 
deficiency of saturated acids (Beare ethads, 1963). Attempts have 
been made to correct these above mentioned disadvantages of rape- 
seed oil by plant breeding and selection (Craig and Wetter, 1959; 
Downey and Harvey, 1963; Stefansson, Hougen and Downey, 19613 
Stefansson and Hougen, 1964), however, further nutritional studies 
are required to predict accurately the ideal fatty acid 
composition. 

No data on the vitamin content of rapeseed oilmeal had 
been published until 1956. In comparison with the meals from 
other vegetable sources such as soybean oilmeal and sunflower seed 
Oilmeal, rapeseed meal appears to be richer in choline and niacin, 
similar in riboflavin and lower in pantothenic acid and thiamine 
(Klain et al. 1956). The calcium and phosphorus content of rape- 
seed meal is 0.6 and 1.0 percent respectively compared with 0.3 
and 0.7 percent for typical soybean meal and 0.4 and 0.8 percent 
for linseed meal (Bell, Downey and Wetter, 1967). Ballester et al. 
(1970a) investigated the iron content of solvent-extracted rape- 
seed presscake meals from three processors and the average value 
of the meal was found to be 0.17 percent. 

Rapeseed oilmeal is known to contain higher fibre content 


than other oilmeals. Klain et al. (1956) obtained values ranging 
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from 9 to 16 percent and found no difference in the fibre content 
between solvent extracted meal and expeller-processed meal. The 
crude fibre content of rapeseed meals was similar to that of sun- 
flower seed oilmeal, but was about 2.5 times that of soybean 
oilmeal. This fact may have an important influence on the 
nutritive value of this meal. An average value 13.6 percent from 
industrial solvent extracted meals was found by Ballester et al. 


C9704») s 


POxtepractors 
The undesirable principles in rapeseed meal are mainly 


thioglucocides and related compounds. Although over 40 thio- 





glucocides have been reported in plants, only three major ones 
have been identified in rapeseed species: gluconapin, 
glucobrassicanapin and progoitrin, which when hydrolysed by the 
enzyme myrosinase, give rise to 3-butenyl and 4-pentenyl 
isothiocyanates and 5-vinyl-2-oxazolidinethione, respectively. 
As to the present status of thioglucoside biosynthesis, it has 
been shown that certain amino acids are the precursors for these 
substances (Chisholm and Wetter, 1964; Underhill, Chisholm, and 
Wetter, 1962 and Underhill, 1965). The incorporation of the 
labeled precursors into the aglycones of progoitrin, gluconapin 
and glucobrassicanapin in maturing rape plants (B. campestris L. 
var. Arlo) suggested that the plant can synthesize amino acids by 
the condensation of acetate (as acetyl CoA) toc-keto acid 
homologues of the original amino acid. These newly formed keto 


acids are then transaminated, and used in the synthesis of the 
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10 
three major thioglucosides (Chisholm and Wetter, 1967). 

Many reports (Kratzer etyal, 27543) Turner, 1948; Jackson, 
1969) demonstrate that rapeseed meals cause a depression in 
growth and in many cases enlargement of the thyroid when fed to 
animals. L-5-vinyl-2-oxazolidinethione derived from a glucoside 
found in brassica seed was reported to produce enlargement of the 
thyroid and to impair proper functioning of this gland in 
chickens (Astwood et al. 1949). The only isothiocyanates having 
significant antithyroid activity are those capable of cyclizing to 
form oxazolidinethione (Bell and Belzile, 1965). Growth 
inhibition has been studied in the mouse as an index of toxicity 
of rapeseed meal (Bell, 1957; Bell and Baker, 1957; Belzile, Bell 
and Wetter, 1963) and it has been shown that isothiocyanates and 
oxazolidinethione, enzymatically liberated from their parent 
glucosides, have about equal effects on growth rates in these 
animals; but it was observed that males were affected somewhat 
more severely than females. 

As the amount of thioglucosides in meals from rapeseed 
limits their use as animal feed, investigations into varietal 
differences on content of the split products from thioglucosides 
were initiated by Wetter and Craig (1959). The isothiocyanate 
content of rapeseed grown in Western Canada was found to vary 
from 4.33 - 5.36 mg./g. oil-free meal, while the oxazolidinethione 
varied from 1.33 - 5.6 me./g. ofsmeal., VAppelqvist (1962), in 
Sweden, attempted to learn if genetically controlled variation in 
content of these substances was great enough to form a basis for 


plant breeding and the results he obtained showed much greater 
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varietal deviation than those observed by Wetter and Craig (1959). 
The isothiocyanate showed variation from 2.5 - 9.2 mg./g. defatted 
meal and the amount of oxazolidinethione varied from 0.2 - 7.9 
mg./g. meal. The variations found seem to indicate that further 
selection towards lower content of isothiocyanates and oxazolidine- 
thiones is possible. 

In 1969, Downey, Craig and Youngs reported that complete 
removal of sulfur containing toxic compounds may be possible 
through plant breeding. Partial success in eliminating these 
compounds has been achieved by developing varieties of turnip 
rape (B. campestris) which do not contain the glucosides of 
penenredr] isothiocyanate and oxazolidinethione, and the isolation 
of B. napus varieties with very low levels of all three 
glucosides. 

Josefsson (1970) observed the marked effect of sulfur 
fertilization on the total content of thioglucoside compounds. 
His investigation showed that the amount of glucosinolate was 
increased at a higher sulfate level and a reduction in gluco- 
sinolate content of rapeseed may be obtained by using fertilizers 
low in sulfur in sandy soils. The fertilization also affected 
the protein and amino acid content but the effect was less than 
that observed in the sulfur saaendee 

A number of treatments have been proposed for 
detoxification of the meal. Acid hydrolysis, alcohol and aqueous 
extraction and steam processing showed 1ittle improvement (Bell, 
1957). Goering et al. (1960) reported that enzyme treatment 


partially detoxified rapeseed meal; the toxic factors appeared to 
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12 
concentrate in the soluble portion after enzyme treatment, and 
thus this fraction could be discarded. Since the release of the 
goitrogenic substances is mediated by enzymes already present in 
the meal, the meal can be moistened to enzymatically liberate the 
isothiocyanate, which then may be removed by steam distillation 
(Mustakas etal, 1965). In present commercial methods, crushed 
rapeseed is cooked for 30 min. without the addition of water at a 
temperature of 80-91°C to inactivate the myrosinase. This 
operation leaves the bulk of thioglucoside in the meal. Though it 
has been known that intact thioglucosides are harmless (Belzile 
et al. 1963), they can be hydrolyzed in the digestive tract by the 
introduction of myrosinase from other foods or by enzymes produced 
by certain intestinal bacteria and then become toxic (Bell and 
Belzile, 1965). The thioglucosides are observed to be decomposed 
by heating with salts of iron, copper or nickel (Sallans et al. 
1967). Autoclaving or steam stripping was reported to result in 
the disappearance of about 90 percent of the oxazolidinethione 
(Bell and Belzile, 1965). Recently, Eapen, Tape and Sims (1968, 
1969) reported that a white, bland, defatted, thioglucoside-free 
flour can be prepared from rapeseed. Wet heat treatment of the 
meal prior to water extraction was found to be superior to dry 
heat treatment and it also facilitated the removal of the fibrous 
hull resulting in a more attractive meal. Similar success was 
reported by Ballester et al. (1970b) who made a comparison of 
direct and indirect steaming and water extraction under a variety 
of conditions, for detoxification. The best result was obtained 


with double water extraction, first extraction of 14 hrs. being 
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13 
followed by “a second extraction for 1 hr. at room temperature. 
This treatment can reduce 84 percent of oxazolidinethione, the 
factor directly responsible for toxicity, and 77 percent of 
isothiocyanates. Net protein utilization was increased to a level 


corresponding to that of animal proteins, from 40 to 60 percent. 


Solubility of Seed Proteins 


Cie Glassitication based onysolubi lity 
(Osborne, 1919; West and Todd, 1963) 


Solubility formed the original basis of distinction 
for several kinds of proteins, and methods based on this 
property are still very useful in both the analysis and 
fractionation of protein mixtures. Different species of 
seeds may contain different amount and types of proteins as 
judged by solubility criteria. In general it is found that 
some proteins are soluble in water, some are soluble in 
saline solutions and others are insoluble in either of these 
solutions but are soluble in solutions of acids or alkalies. 
In the seeds of cereals 70 to 90 percent of the protein may 
be soluble in alcohol. According to their solubility 
behavior in such solvents, the proteins which normally occur 
in plants can be characterized as follows: albumins, 
soluble in water or dilute salt solutions and precipitated 
from solution by saturation with ammonium sulphate; 
globulins, soluble in salt solutions but not, or only 
slightly, soluble in water and precipitated from solution by 
half saturation with ammonium sulfate; protamins, soluble in 


70 to 80 percent ethanol but not in absolute ethanol, neutral 
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14 
solvents, or in water; glutelins, soluble’ in dilute: acids or 
alkalies but not in water, salt solution or aqueous alcohol; 
and saustones, soluble) in water, dilute acids and alkalies, 
but not soluble in dilute ammonia. Extraction are therefore 
generally performed by using a series of solvents, chosen to 
successively dissolve the main classes of proteins expected 


to be present in the seed. 


Fac toms mnitchgart tec Gesolubil ty. 
According to Sober et al. (1965) the following five 


factors are important: 


a. pH 

Thevsolubilities of most proteins are minimal) in 
the vicinity of their isoelectric points. The change may 
be quite sharp, with solubility increasing by as much as 
a factor of 10 when the pH is changed one unit in either 
direction. pH therefore is a factor of prime importance 
and a procedure such as salting out which produces good 
separation at one pH may give no separation at another, 


or the order of precipitation may even be reversed. 


b. Temperature 
The effect of temperature on the solubility of 
any particular protein is quite unpredictable.) it is 
useful to be aware, however, that the difference in 
solubility between 0° and 25°C may be as much as an order 


of magnitude in the other direction. For a fractionation 
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to be reproducible, the temperature must be specified. 


Ionic strength 

Atevery lowelonicestreneth, the solubility of 
proteins in general increases with increasing salt 
(Gesaltingwini). As tonie strength is increased, however, 
a maximum is reached beyond which solubility decreases 
continuously ("salting out"). While sensitivity to small 
differences is generally greater at low ionic strength, a 
great many proteins are fairly soluble even in pure water, 
so that the salting-in region is! most often used in 
conjunction with other precipitating agents. However 
most proteins can be salted out within their pH 
stability range and are usually relatively insoluble in 
high salt concentrations. Salting-out, therefore, should 
always be considered as a likely first step in the 
fractionation of a complex mixture, particularly if a 
large scale operation is contemplated. Ammonium sulfate 


and sodium sulfate are widely used for this purpose. 


Dielectric constant 

Dipolar ions such as glycine increase the 
dielectric constant of water, while water-miscible 
Organdcmsolventsadecteasesitiag lt i always problematical 
whether these effects are of greater importance than more 
specific interactions in determining protein solubility 
in any given instance. Both types of agents have been 


used to advantage, and organic solvents (ethyl alcohol 


ebaldigqage of Jaume ay aquga 5¢f) old tauitegay 34 0 


Lf ‘ 


a 


Zz , ad 


- “iagninde sinel 


46 ¥ITIIdotoe wit (anew siner aph Yaar. 94 


Jigs gulan trod? Hiiy vosaernsl Meretsg aap ierery 
~revewod ,beaniisat 4) dager’ tet aA + oC“HT gotedee") 
asea>yosl Vili tletas mudih avo! beelaasy at munlnap 
iiooe of Vtivividoee stidW .(" 109 gntalee”) “lewavoriies 
@ ~Nigeside sttei vol J: nag lnyersg af awgnrraobhis 
~ze2e0w e700,a4 Abts Wid fi3i 16 40eu2 049 ipa) IBSetg 

ni Uwe 29440 Jeu a (Hess fi v< wis. Sau? 68 

ra vewall sipoee. galdaddy 14 co irs sive noo 
Paty ; Withi4a ae Be ) 2D oret S207!) Jet 

Gr wlowloens 30 hplned re {ng Sotiet WO TELOSSe 


D125 tree ,2 i id= % PRG sehOolLl } Sire tiger igiha 
afd nl es) eyha visi i 4. Oster ul: aNieaiiia 

H ws YY ari a bg 7h Se ee nok ere 

sin iu inthe 445) ancieigos &f momenttgo elhee Seto 
Decyvng 2fli rok bse Yiabin aie ie dinw mths ite 


fT ve led 


: sua tenes 

oO e¢esavrl antoyhy en doe pool aeloge 

. Padre linerad ay af Sihw (197 ado dheaefies Shydosie 
. ai 3A er anewiapl aatavlon ahragan 


Lae 



















ih a a 


16 
and ethyl ether in particular) have been used as general 
precipitating agents in several total fractionation 
schemes. Such schemes require careful attention to 
variables such as pH, ionic strength, temperature, and 
proteingconcentration atteach step.s! The labidityiof 
proteins in the presence of organic solvents generally 
requires that the temperature be kept close to the 


Preeagineipointlofithessolution: throughout. 


e. Other ions 

Gertatnimetalecations (He, Cu, Zn, Ba) as well as 
a variety of simple and polymeric anions (sulfate, tri- 
chloracetate, tungstate, heparin, polyglucose sulfate, 
etc.) are capable of forming slightly soluble salts with 
proteins, under the right conditions of pH and salt 
concentration. These and many more have been used in 
special situations to facilitate the separation of 


proteins. 


D. Characterization of Oilseed Proteins 
(1) Oilseed proteins other than rapeseed 
It has been generally accepted that the major 

globulins of dicotyledons and the prolamines and glutelins of 
monocotyledons are reserve proteins, i.e. fey are digested 
enzymatically on germination, whereupon amino acids and 
peptides are made available for protein synthesis (Danielson, 
1956). The two major groups of globulins mentioned most 


often in the literature in peanut proteins are arachin and 
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17 
chonarachin. The former, which accounts for about two-thirds 
of the protein, is precipitated at 40 percent saturation with 
ammonium sulfate from a salt extract of the peanut while the 
latter remains in solution (Johns and Jones, 1916; Brohut and 
Sadegren, 1954). Arachin forms a reversibly associating 
system in solution (Johnson and Shooter, 1950) depending on 
pH, salt concentration and type of salt. Lowering the pH and 
increasing the salt concentration promotes association. High 
concentrations of sulfate ions are especially effective in 
promoting almost complete association, but even in small 
amounts they appear to prevent dissociation. Changes in the 
conarachin fraction during germination were observed by 
purification of these proteins by column chromatography on 
diethylaminoethyl (DEAE) cellulose (Dechary et al. 1961). 
Migsesiractrons were ss tudred further by Evans et aly. (1962) 
who used polyacrylamide gel electrophoresis and demonstrated 
the complexity of composition of the crude fractions. 

ec -Conarachin, which is homogeneous by gradient elution 
chromatography on DEAE cellulose, was shown to contain 
several closely related components on electrophoresis. 
Sedimentation analysis of the peanut globulins confirmed that 
they are part of an associating system. Dieckert et al. 
(1962) studied the composition of subcellular fractions of 
protein by homogenization and differential centrifugation 
from nonaqueous media. Two protein rich fractions, one of 
which appears to be from aleurone cells, were obtained. The 


proteins in both fractions appear similar as judged by 
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18 
chromatography and electrophoresis. Tombs (1965) 
fractionated and analyzed peanut proteins by DEAE-Sephadex 
chromatography and acrylamide gel electrophoresis. A simple 
method of preparing arachin by means of precipitation with 
calcium salts resulted in a very pure product. He also 
observed evidence of two forms of arachin which he 
attributed to polymorphism. 

Considerable progress has been made in the 
purification and characterization of soybean protein, About 
90 percent of the soybean proteins are globulins or glycinin 
(Osborn and Campbell, 1898) obtained by salt extraction, 
ammonium sulfate precipitation and dialysis. Ultracentrifuge 
studies of unfractionated soybean protein at pH 7.6 - 7.8, 
0.5 ionic strength, indicates 4 well resolved components 
having approximate sedimentation constants of 2, 7, 11 and 
leu Naiecm i thaw 105 5cand) Woltmandyiriecs,@ 1056 )¢aguthe 11°S 
fraction is present to the greatest extent; the 11 S and 7 § 
component together account for 70 percent of protein (Wolf 
and Smith, 1961). When a concentrated solution of the 
aqueous extract of meal is cooled, a cold-insoluble fraction 
is obtained, which is primarily 11 S protein (Briggs and 
Wo,Lt elo veandsNad smi th, slo. 

In extracts from defatted soybean meal, 7 S and ll S 
globulins predominate in protein bodies (Wolf, 1970). Both 
the 7 S and 11 S components observed in acid-precipitated 
soybean protein or glycinin undergo similar reactions. At 


least three are known: a) dissociation into subunits (Wolf 
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Les) 
and Briggs, 1956); b) association into noncovalent-linked 
polymers (Naismith, 1955) and c) dissociation af disulfide- 
linked polymers (Briggs and Wolf, 1957). At pH values below 
tile “Medelec tric) point, decreasing: pl) favors dissociation and 
higher salt concentration favors association. Sulfate ions 
cause a marked shift in association leading to formation of 
large amounts of unresolved high molecular weight material 
@Rachitsmet tale 4) 1957).) ein gadditiion,, the tendency of low 
temperatures and specific ions to promote aggregation of the 
soybean globulin has been noted (Wolf and Sly, 1967). The 
so-called cold-insoluble fraction, 11 S, was 90 percent 
purified as judged by ultracentrifugation. Particle weights 
of 363,000 by sedimentation diffusion and 345,000 by light 
scattering were compared to 380,000 for the material obtained 
by ammonium sulfate fractionation (Wolf, Babcock and Smith, 
L962 Wat pherdtttenéncessin colubmlities ofsthe tour 
Components. Zasyanes, aulGgandel Ss tawithechangesiin tonic 
strength, provided acmethod of purification ofthe 11'S 
fraction as described by Eldridge and Wolf (1967). 
Feactionation *préecipitatiom gavemasyield of puridiied allies 
protein contaminated with only about 7 percent of a 
component sedimenting in the 7 S region. However, there is 
AESORpOSSi bilktysoitpanti aledissoctattongol UGS into its 
monomers: Extensive dissociation of the purified ll S into 
2eSeande71S componen tsmine0s05 gionde, streng thgtmis-cittrate 
buffer, pH 8.6 has been observed. Similar results were 


obtained when Roberts and Briggs (1965) tried to purify the 
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20 
7 S component by gel filtration on Sephadex G-100 and found 
it to contain a trace amount of 11 S. This component will 
associate to yield a 9 S form when electrolyte concentration 
is lowered from 0.5 to 0.1m. The molecular weight of the 9 S$ 
component was found to be about 650,000 and the 7 S, 330,000. 
The characteristic 7 S—+9 S dimerization was also confirmed 
by the recent report by Koshiyama (1968a). The molecular 
weight of the 7 S protein of soybean globulins was found to 
be about 180,000 to 210,000 by different methods described by 
the same author (Koshiyama, 1968b). 

Several papers have dealt with the amino acid 
compost tiongotusoybeansproteins.« Van; Etten<et)al+.( 1959) 
reported the amino acid composition of soluble, acid 
precipitated, and heat coagulated protein fractions. Krober 
and Gibbon (1962) have estimated nitrogen in soybeans and 
estimated amino acids by ion exchange chromatography on soy- 
bean hulls, dehulled soybean meal, isolated protein, and the 
residue; as well as on whey proteins, on the hypocotyl, and 
acid-precipitated proteins of the hypocotyl. Over 30 percent 
of the nitrogen in immature soybeans was nonprotein nitrogen 
compared to 4 or 5 percent in the mature seed. 

Studies on the nitrogenous constituents at various 
stages of development of coconut (Baptist, 1963) suggested 
that amino acids originate in the sap and are drawn 
selectively for the synthesis of the liquid endosperm 
protein. The presence of certain amino acids in the liquid 


endosperm before the endosperm has commenced to form, suggests 

























7 “beara baw eot-o <n ak eeanra tity Ae lanes © 
thie anenogies aidt abl $0 timeone sanet of ‘nities a ti = 
nnisersnesne> eehovasese vista ured 2/2 e bist4 oo siehooens. a 
i 


BO oft %o sdylew gelunstee atl at. 0 oh CO cnred, borewol @F 
000,062 .8 9 add tite O00 0te suede a 08 figiewh caw JAonOgNAD " 
bomviines cofs eaw mébiasbcumth 2 Co+8'l aitelsetoataio of] 

nt anfieeliom a0T , (08001) oncyttded yd. suagar tneset ull iy 

od bro) een aniludols amedyor io aignura @ 5 apt 30 Ia geae 
vd budivoash ehodiom gnaveltib ¢ OOD i! | a 000,061 duce’ ad 
(2842! anavitieod) sotto omen afd 
bion offen ait) f¢he Jleeh.4vanh ectayged’ ferevak: 
QOQGT) fe a9 cassa iV rer 4 -fegdvoe Yo nobiheoqmes 
bisa ,olduloe.in aoihl soqresy bigs ceine, silt heteogesd 


sed0u% = .orel ional platerg baie iver a) Jaoq-hge ,lerteddqinesg ‘ 


bus enesdvor AF papers tod jun. wie (SeFi ) mei Boe 

" aye .o Whmtgolemmniis wy +. Oi Ve @hAQe Odie poisnts bid 

sit, tes yrleror Sage beg. ice? meatyoe-be/ luijol .-Phial weed 
han . iysnoog yl off ae ,atlarnn rots i 20 “i 2a ¢olbiowt: - 
Janeiyeq 1. zravO .fytoseqvd 81 20 ef odeng Oy) at dal serg-bise 7 


Hepsitia Alotorgnom eer eased yor ~1vedaed nt nagevtle att-Re ~ 


sbeasotutnn of 2) davausg ¢ co.A of bewegppa 









1H atrdls ergo euornegoutla og. the. pe abuse 





21 
that for the synthesis of the endosperm protein, the soluble 
nitrogen may be drawn from these amino acids in the initial 
stages. Once cellular organization and differentiation have 
begun, it was shown that the solid endosperm contains all 
amino acids found in the corresponding liquid endosperm as 
well as others which the cells produce for their own 
requirements and are not detectable in the liquid endosperm. 
Small amounts of all the amino acids present in the newly 
formed cells will then diffuse out slowly into the liquid 
endosperm, so that both processes are taking place simul- 
taneously. Sedimentation analyses (Sjogren and Spychalski, 
1930) have shown that solutions of coconut globulin, cocosin, 
extracted with 10 percent sodium chloride, contain two 
components: the main one with molecular weight about 208,000 
and a minor component of weight about 104,000. The 
concentration of the minor component increases in alkaline 
solutions. Such dissociations have been observed for other 
seed proteins, especially for the peanut and soybean proteins 
already described. The extractability of protein (nitrogen) 
from expeller and solvent extracted poonac (the press-cake 
left after extraction of oil from dried coconut kernel) with 
dilute aqueous HCl, NaOH, and salt solutions has been 
investigated by Chelliah and Baptist (1969), the protein of 
the former being more soluble. Under optimum conditions, 
approximately 40 percent and 55 percent of the poonac protein 
nitrogen was extractable with 0.15 percent aqueous acid and 


alkali respectively. Dilute salt solutions were found to 
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Le 
have a comparatively poor solubilizing effect and increasing 
the fat content of expeller poonac to 10 percent increased 
the nitrogen ‘extracted “by “acid but not “by, alkali solutions. 
The amino acid content of coconut press-cake presented in the 
same paper suggested the limiting amino acids are lysine, 
methionine and Eryptophan. The efficiency of protein 
extraction from coconut flour (Chandrasekaran and King, 1967) 
can be significantly increased from 49 to 85 percent by 
treatment with fungal enzymes prior to extraction. 
Postalotiopsis westerdijkii, a cellulolytic mould, produced a 
freely diffusing, extracellular enzyme capable of solubilizing 
hydrocellulose and amorphous cellulose when grown on coconut 
EVour—selka=floe (2-1) medium at 31° for ll days. 

The most limiting amino acid in coconut milk 
preparations is lysine, followed by threonine, sulfur amino 
acids and isoleucine. Animal feeding experiments did not show 
any significant difference between the protein qualities of 
the control and enzyme-treated coconut milk preparation. 

The proteins in cottonseed meal were fractionated by 
using classical fractionation procedures (Jone and Csonka, 
1925)\ to yleld@sixfractions*! Sihe<-"andts= globulins, 
glutelin, and pentose protein composed the major fractions, 
while protamine types were absent. Spies et al. (1941) 
found the relatively minor water-soluble fraction to consist 
of a series of low molecular weight proteins varying widely 
in polysaccharide content. Martinez and Frampton (1962) 


using ethanol solutions of varying salt content isolated 







. io a 
galepetant: tae Jontip. reli Meta ‘weg Vavilavadee s swale 
bocusrset Nia 22M) Ta oF. shah ral taqeat e dient aed aie , a 


egatintan ple ee VOn Tet S242 id Delshiitoraige wa otf 


ers ai. bataweting Bibc-Averg tvneyes Ty tiabe hime gene aE 


ganien! 5) 2EIOR OMIA HE i verb hie A feoyene {eyes shag 
Lob? ci fyt- tae ids 7 
viata We yonelot ti aril re iludtquyt suiaoiddem 7 
i 
ChOGL got hoe wmigtsearbupiy) a0 prthag (tan) rah) seis | 
wi dneoieg 29-59 CC. mort Dsen es est gee a@ ee 7 
/! ' 6 : 
ewieridies a! goltq euaqeine l(a) Oiiv Ieee 
"vn 
» basubotg ghidos sivyfalelion a ,tta ‘icon shagolsalatad . 
gutytildyion to javyes Abrpene tnlullooe wees ed bens ith Gee 
is 7 
PUNGPOD Ie) ftw OS ryt: 3 bint f% gr? ij lar Git a P | ? an [teoovv i ? a 
hurh | i F a fits he, ’ | . ) pe i ? me Sigs -yuat® 7 
| i. if 
Flim funayho oF tle onbvis yirisiarl) arom sat d 
| << { 
ofsne ‘Lip: the sad nae i ee fietinpi I 7 ~fitel a] z AOL ATagety i 
7 
wot dan hh eiqemiqagas.aeliose! lunint  getouel eel hag e@Oige 


to apls Flagp fissaty oi cs20) 4). dorz78 ih), pbort aes Ge 
motsexagqany Alia ty . ott) -dn-erme bre loaner els 


ul ba tatols 2031 Siw 16 wat To) | ‘eT. Patt ory 





ghtabed- hou sn08) eens oq HOIZGNOLS WAP Soothes! -mrry 
satiebaly hon ott -endliontade Baty ior (RD 2 OF 


petese? olen ods beedque nisioyg jectapg| hn tilaieig a 





23 
threes protein fractions» from) cottonseed. Each fraction 
contained non-reducing carbohydrate and gave a single peak in 


the ultracentrifuge with an estimated § value of 2, but 


20,w 
showed many components when analyzed with cation exchange 
cellulose chromatography. Amino acid analyses showed the 
fractions to differ from each other and from whole meal. 
Rosste haneliimotwa lag (1965) li colatediaamajorwitaction of 
cottonseed protein which they called acalin A. It is a cold- 
insoluble fraction, which dissolves in salt solutions at 
1oniecestrenethigreater) thany0,2,°and*is precipitated by 70 
percent saturated ammonium sulphate. This protein behaved as 
a homogeneous monodisperse system by ultracentrifugation, 
cellulose acetate electrophoresis and chromatography on DEAE- 
Sephadex and has a sedimentation value of 9.2 S. Conkerton 
and Frampton (1959) reported that the number of €-amino 
groups of lysine in several proteins, which are free to react 
with 2, 4-dinitrofluorobenzene, was reduced when the proteins 
were exposed to reaction with gossypol. A study of the 
relative importance of gossypol and raffinose in the binding 
and destruction of lysine and in impairing the nutritive 
value of cottonseed has shown that raffinose reduces lysine 
content when heat is applied; 1 percent gossypol and 10 
percent raffinose are comparable in reducing the level of 
free €-amino lysine in cottonseed protein; and the nutritive 
index is correlated with the free §-amino groups of lysine of 
the protein (Martinez and Frampton, 1961). 


The proteins of sunflower seeds and oilfree meal were 
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24 
extracted with 10 percent sodium chloride and then 
precipitated by adding ammonium sulphate to 80 percent 
saturation (Joubert, 1955). Of the four components apparent 
in the ultracentrifuge, the main component had a sedi- 
mentation content of Tl. /7 7S andiit. was obtained in practically 
pure form by precipitation of the extract with 20 - 30 percent 
saturated ammonium sulphate. The molecular weight, 
determined by sedimentation and diffusion experiments, is 


343,000. One component with S,. = 1.67 S is precipitated in 


20 
the range of 40 to 80 percent saturated salt. It is poly- 


disperse and has a molecular weight of about 19,000. 


Rapeseed Proteins 
a. Protein synthesis; 
; eps ee 
Incorporation of ‘C into rapeseed plants (B. 
napus L.)- suggested that the synthesis of their reserve 
proteins proceeds over a substantial period of seed 
14 ‘ : 
growth. Two C labelled proteins were isolated from a 
water extract of the oil-free seed meal. The specific 
activities of the two proteins and of some amino acids 
suggested rate differences in protein synthesis, or 
alternatively, conversion of one protein into another. 
: : Le , : 

There was a point for maximum  C incorporation which was 
different for the two proteins (Finlayson, 1966). An 
extensive study was made by the same investigator 


(Finlayson, 1967) on rapeseed of the same species (B. 


napus). Changes in the amino acid composition have been 








"deed Die nbthalite gultior” wey p 
reo) oy Ye. a Rete pret ha neat eaithe ad higatiats 


MIee |e) Hage m sunt wate Fo 4. (eel agedeeky: voliwrusne 


e)bee4s fed srkmeuos wiam Se° e9heiiseotednly sae me 


oe OI boplaidé @gw 3+ fon lt $7. diednte pottedaagm 


Stesieg ME - OF Aiilw aned Veo 2s Yo neliet baisayg yh meet -aetlg 


iia Sa ies len fT atedai:n ovirotmn jaecereas 


ces rT Pei 1ocLe a wal SAM ros AIdiAW g honlwiusi 9st 


iou4 j 


ol bw? lata ay 2 16, i= Rt ts } inedaaies oie O00 Let 
glog ad 3 ba inawd ae J2739, 08 -ot Of Ty @agem ae 
WN. i. Jean Qo 'J4atar sal eonlod & eat-beds eeeeqede 
sJord Laas ouce 
“ol ayttany me tort i* 
4) ieig hrsseegi 10 fia 0.90) 
4 ¢ vba? ; id De 2o%ou ae ( eal PUGH . 


boas Bo.i wy. dagwi lgey se BeVO ghee aoty inissoty. °* 
6 mon) lradalaanlt Ssteareteio Qo Li ocd s* ville Abbey 
4th) ge wt . thum- tise a9 3 i ‘ any io. 99an see 299-ny 
abide CoMhG: Smogon Tu tu ero ty aed aid Te ecto iyvigan 


t 


70 ,eeeSdige cleo A! igialtth ota, Ustieguwe 


stediogn Gini wésdwig eas i 


“ed ae ae 
- 4 4 nf y — =< oT 


Be 


Vievitunses Te 


(olepavienb 
ie 
Mbit xt ane mai oasnT 
ars _ 

eaabie f: 72° Dt i; 

pee Pyrex an 


> 


~~ 


ve 








BS) 
observed from the time that the seed contains a small 
amount of protein nitrogen until it is mature. The 
finding that there were no other amino acids appearing in 
the N-terminal position during the growing period, except 
to increase the amounts of those already present, and 
also that there was a steady decrease in N-terminal amino 
acids relative to the total amount of protein, suggested 
that synthesis of protein proceeds from the N-terminus to 
tnenCaterminus ,OLwroteinuchain. lhe results of these 
analyses ruled out the possibility that the storage 
protein is produced by the condensation of similar poly- 
peptide subunits and the data did confirm the previous 
“Ge. ysyenline ene eee in that the protein synthesis 
occurred over the entire period examined in the plant's 
growth. 

Comparative studies of seed proteins 
of Brassica species in relation to 
taxonomy. 

Many recent papers (Vaughan et al. 1966; Vaughan 
and Waite, 1967a, 1967b; Vaughan and Denford, 1968) have 
reported seed protein studies in relation to taxonomy of 
Brassica and Sinapis species. The protein analysis 
method employed in these investigations included sero- 
logical gel diffusion, acrylamide gel electrophoresis, 
and starch gel electrophoresis techniques. A good 
correlation was demonstrated between the serological and 


-the acrylamide gel methods of protein analysis (Vaughan 
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et al. 1966). The albumin and globulin protein 
components separated electrophoretically were identified 
by a comparison of the Rp values (the ratio of the 
distance of the fast-moving bands measured from the 
junction between the large and small pore gel to the 
middle of the bands). The results shown by electro- 
phoretic methods agreed with established taxonomy even 
though the technique does not possess the obvious 
taxonomic advantage of antiserum absorption. Investi- 
gation on seed protein over a wide range of Brassica and 
Sinapis species by Vaughan and Denford in 1968 showed a 
variation from 2 to 4 globulin bands and 11 to 18 bands 
of albumin proteins. The greater number and spread of Rp 
values of albumin bands gave a better correlation with 
the established taxonomy than that shown in the legumes, 
where globulin proteins have taxonomic value only at the 
tribal and generic level (Boulter, Therman and Derbyshire, 
1968; Jackson, Milton and Boulter, 1967). 

The proteins of rapeseed (B. napus) 
soluble in salt solutions. 

The salt soluble proteins from rapeseed (B. 
napus) var. Nugget, have been extracted with 0.1 M sodium 
pyrophosphate, pH 7.0, and aan We percent (W/V) sodium 
chloride and subsequently separated into a number of 
components on Sephadex G-75 and G-100, carboxymethyl 
cellulose and diethylaminoethyl cellulose columns 


(Bhatty, McKenzie and Finlayson, 1968). Two major 
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proteins, a neutral (the 12 S protein) and a basic one 
Gthesl.y tSeproteingyMaWinl3,800 2 300) account for 30 
percent of the nitrogen in the extract and nine other 
minor components were found to be present in the pyro- 
phosphate salt extract. The 10 percent sodium chloride 
extracts contained a water-insoluble protein (the 12 S$ 
protein) which constituted 21 percent of the nitrogen in 
the extract and appeared to be similar in properties to 
the 12 S protein obtained when the pyrophosphate salt 
solution was used as extracting agent. This protein, 
upon sedimentation analysis in 6 M urea solution and in 
O.1 M glycine-HCl buffer (pH 2.2), appeared to be an 
aggregrate of units of smaller molecular weight. 
Determination of Molecular Weight of 
Protein by Gel Filtration 
Gel filtration is a form of liquid chromatography that 
has been used to fractionate a wide variety of substances. 
Numerous applications of gel filtration in the fractionation of 
seed proteins are exemplified by a few studies reported since 1967 
(Eldridge and Wolf, 1967; Crow and Rothfus, 1968; Catsimpoolas and 
Ekenstam, 1969; Booth, 1970; Booth and Ewart, 1970). These 
authors used mainly cross-linked dextran gels (Sephadex), but 
other polymer gels such as those prepared from agar, starch, poly- 
acrylamide, polystyrene, etc., are also capable of producing 
similar separations. Under standardized conditions; gel 
filtration has also been successfully applied in the determination 


of molecular weights of several proteins. 
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Lathe and Ruthven in 1956,using a water-swollen starch 
column, demonstrated that for a large number of solutes the elution 
volume varied with size of the solute. Although molecular weight 
is unlikely to be a’ good appreximation “for the size of protein 
molecules, due to uncertainty about the size and shape of macro- 
molecules in solution, the correlation between molecular weights 
and gel behavior on dextran columns (Granath and Flodin, 1961) 
indicates that for a homogeneous series of macromolecules, size 
and molecular weight are closely related. Andrew (1962) obtained 
evidence that this was also true for a number of proteins on agar 
gel columns, and showed that gel-filtration can be used as a 
comparative method to give a useful estimation of the molecular 
weight of proteins. Many investigators (Whitaker, 1963; Granath 
and Flodin, 1961; Determann and Michel, 1966) have demonstrated 
that the elution volume of a protein from the gel is directly 
proportional to the logarithm of its molecular weight. 

The experimental technique for the molecular weight 
determination is, in principle, the same as that for the 
separation of a mixture of substances. All that is required is 
the determination of the elution volumes. As a rule, the solvent 
volume which leaves the column between the application of the 
substance to the gel packing and its elution in maximum 
concentration is considered the elution volume. Since the 
molecular weight dependent elution volume of a given substance is 
easily reproduced on the same column, it is possible to predict 
the molecular weight of a studied substance and hence, the sagt 


must be calibrated for this purpose. 
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22 
In order to make the calibration independent of the 
individual experimental conditions, many parameters have been 
explored for the best description of the elution behavior of 


substances. The K, value (V =V +X. .V.3; V_ = elution volume, 
d e O d al e 


Vesgersolvent volume inside gel particles, Me = outer or void 
volume, Ky = accessible fraction of the inner volume) (Wheaton and 
Baumann, 1953), initially introduced, does not seem to be very 
appropriate due to the uncertainties in the determination of the 
solvent volume imbibed by the gel particles. Whitaker (1963) used 
the ratio of the elution volume to the void volume, wae asea 
function of the logarithm of molecular weight, and a good linear 
relationship between molecular weights and elution volumes was 
obtained. Squire (1964) has explained the findings of Whitaker 
based on a model in which the elements of volume available to the 
solvent within the gel are approximated by a combination of cones, 
cylinders, and crevices assuming a globular structure for the 
proteins lena and avoiding the Ka value. Data from different 
authors do not agree very well with his equation. Laurent and 
Killander (1963) have introduced a concept of the volume fraction 
available ae = Wes - Un - Vy? for a solute in the gel phase 
which appears to be most generally applicable to this purpose. 

The total volume of the gel phase, instead of the inner volume 
(Ve): is applied to its calculation. All the parameters involved 
can be determined accurately and the resulting oe (elution 
constants) express the penetrability of a certain molecular size 
into a gel of defined porosity. There are many more concepts of 


such relationships some of which are empirical and some which were 
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derived on the basis of theoretical considerations of the 
dependence of the elution volume on the molecular weight. Most of 
these relationships have been applied repeatedly and found to be 
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IIIT. MATERIALS AND METHODS 


A. Preparation of Rapeseed Protein 


(1) 


Oil extraction 

The rapeseed (Brassica campestris var. Echo) 
employed for the preparation of protein were purchased from 
the Alberta Wheat Pool and stored in the cold room at 5°C 
throughout the experiments. The moisture content of seeds as 
received was found to be about 8 percent. The seeds were 
selected to be free from soil and weedseeds. To improve the 
protein extracts for further study, dry whole seeds were 
first crushed to a fine powder in a Quaker City Mill (Model 
4-E) and the oil was extracted from a 3g. sample of freshly 
crushed seed in a Soxhlet apparatus with 150 ml. n-hexane 
(b.p. range 67-68°C) for 4 hr. The resulting material was 
allowed to dry in air overnight and stored at 5°C. About 40 


percent oil was obtained. 


Protein extractions 

Protein was extracted from the meal powder by 
suspending 3 g.of the pooled hexane-defatted meal in 60 ml. 
of the different extracting media, and shaking for 90 min. at 
5°C. The extracting media employed were 0.05 M acetic acid 
(pH 3.1), 0.2 percent sodium hydroxide (pH 11.9) and two 
neutral salt solutions, 0.01 M sodium pyrophosphate and 10 
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32 
percent sodium chloride. The extracts were centrifuged at 
10,000 rpm for 20 min. in a Sorval refrigerated centrifuge. 
The supernatant fluid was removed by pipet and the residue 
re-extracted three times as before. The combined solutions 
of protein soluble in 0.01 M sodium pyrophosphate, 10 percent 
sodium chloride, 0.05 M acetic acid and 0.2 percent sodium 
hydroxide were dialyzed against 0.005 M borate buffer pH 8.6, 
distilled water, 0.005 M acetate buffer (pH 4.1), and 0.005 M 
somanse burtera(pH 9) respectively at 5°C for 48 hr. A 
precipitate formed during dialysis in most cases, except when 
0.2 percent sodium hydroxide was used as extracting agent. 
The precipitates were subsequently recovered after centri- 
fugation and resuspended in 30 ml. of the original extracting 
solutions and dialyzed for 24 hr. The supernatants and the 
precipitates were separately lyophilyzed and the resulting 
protein yields were determined on a dry weight basis using 
the Folin-Ciocalteau reagent. 

Bete eee ion of Protein Extracts 
on Sephadex G-100 

The freeze-dried extract (varying from 100 - 250 mg.) was 
dissolved in a small volume of appropriate buffer and centrifuged 
clear at 7000 rpm. The sample was chromatographed on a Sephadex 
G-100 column (2.5 x 45 cm.) at 5°C using the dissolving buffers as 
ellants. = Thnee and 4 mls fractions wereycollected at ayilow rate 
of 30 ml./hr. Protein in the column effluents was detected 
spectrophotometrically by measuring the absorbance at 280 mM. 


Absorbance vs. tube number was plotted graphically. The effluent 
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33 
in the tubes corresponding-to each peak were pooled and dialyzed 
Sepasatelyeine the cold (5°C) fors24 hr. byscontinuous stirring 
against three changes of buffer. The experiments for all samples 
were carried out in a similar fashion and the experimental 


conditions were as given in Table l. 


Polyacrylamide Disc Gel Electrophoresis 


Polyacrylamide disc gel electrophoresis was performed 
essentially as described by Davis (1964). The gel was composed of 
tio ayers swith Oo M urea in both 2.5 percent stacking gel (pH 16.6 
=) O.0) and /.oapercent' separating gels (pH 9.5). iStackine gel, 
0.18 ml. was carefully layered over 0.2 ml. of 40 percent sucrose 
imevertica iupes OL /.08cm, in Mength and 0.5 cm. in inner 
diameter, and polymerized by exposure to light for 20 min. After 
polymerization of the stacking gel, the tubes were filled with 
separating gel solution and the gel allowed to polymerize in the 
dark for 30 min. The 40 percent sucrose was then removed and the 
tubes were placed in the electrophoretic reservoir with the large 
pore layer Wee The sample, 20 mg., was dissolved in 1.25 ml. 
of the solvent consisting of 8 M urea-0.001 M dithiothreitol (DTT) 
and about 100,41 of the sample solutions was applied per tube. 
Electrophoresis was conducted at 5°C for an hour at 2.0 mA per 
tube for 20 min. and then increased to 4.0 mA per tube for the 
remaining 40emin. After completion of the electrophoresis; the 
gels were immersed in 12.5 percent (W/V) trichloroacetic acid 
(TCA) for 20 min. to fix the protein in the gel, and then stained 


with a freshly prepared 1:20 dilution of 1 percent aqueous stock 
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SO MGLOnporeGoomassie Blue’ (COUAB) in 12,5 percent TCA, ‘After 50 
min. of staining the excess dye was removed by washing with 10 
percent TCA and the gels were placed in fresh 10 percent TCA for 
viewing and storage. The migration of each protein band (d_) and 
the tracking dye (a5) from the boundary of large and small pore 
gels were measured at least three days after the gel had been 


prepared. The a value was calculated by SS = 4 : 


qq 


Determination of Molecular Weight by 
Gel Filtration on Sephadex G-100. 


Sephadex G-100 (lot No. TO 5967, particle size 40-120 
mesh) and Calibration Kit proteins (Kit No. 9KA), were obtained 
from Pharmacia, Uppsala, Sweden. Sephadex G-100 gel filtration 
media, used in all experiments for molecular weight determinations, 
was added to excess phosphate buffer, pH 6.9, containing 0.05 M 
NaCl, and the gel was allowed to swell for at least 3 days. The 
swollen gel was stirred and settled several times from the buffer 
in order to remove the very fine particles. The resultant gel was 
packed into a 2.5 x 45 cm. column (Pharmacia K25/45, bed volume 
292 ml.) with two flow adaptors. The column was then washed with 
buffer for two days to be completely equilibrated as judged by the 
constant elution volume of Blue Dextran gel. 

The dried sample was added to 1.0 ml. phosphate buffer, 
pH 6.9, containing 0.05 M NaCl, and centrifuged at 7000 rpm. for 
10 min. to be free from insoluble materials. The resulting 
supernatant was applied through the 3-way valve which attached to 


the lower flow adaptor and the protein was washed into the gel 
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with the buffer solution at an upward flow rate of 22.5 ml./hr. 
Fractions of 125 ml. were collected with an Isco fraction 
collector equipped with a timing device. Protein contents of the 
fractions were determined spectrophotometrically at 280 mu. All 
the experiments were done at 5°C. Elution volumes were inter- 
polated to the nearest 0.1 ml. by triangulation. 

The void volume, wee was determined by applying to the 
cOuumnisO oO) Mle Of .0h 5 Nereene Blue Dextran, freshly prepared in 
phosphate buffer, and measuring the effluent volume from the 
initial application of Blue Dextran sample to the appearance of 
the blue color in the effluent. 

The selectivity curve was prepared by using the Cali- 
bration Kit Standards. The molecular weights and xources of the 


Calibration Kit proteins are: 


Molecular 
Protein Standard Weight Source 

aldolase (lot No. 9GA) 158,000 rabbit muscle 
ovalbumin (lot No. 8CA) 45 ,000 ege white 
chymotrypsinogen A — 

(lot No. 8HA) 25,000 bovine pancreas 
ribonuclease A 

(lot No. 9CA) 13, 700 bovine pancreas 


The mixtures of 30 mg. aldolase and 10 mg. chymotrypsinogen 
A; and 20 mg, each of ovalbumin and ribonuclease A were taken up in 
separate 1 ml. buffer volumes and chromatographed separately, 
using the same conditions as for all other experiments on the 
column. Since the total bed volume and void volume were known, 
the calculation of Le for each protein standard was performed by using 


the equation, . 
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where es = elution volume for the protein 


V 


e elution volume for Blue Dextran 2000 


V 


* total bed volume, 


The plot of the ie value for each protein standard against the 
corresponding logarithm of the molecular weight was used as the 
standard curve from which the unknown molecular weight of a 
protein can be estimated directly when the Nae value of that 


protein has been determined. 


Determination of Amino Acids 

The chromatographic analysis of amino acids was carried 
out in the Department of Biochemistry on a Beckman Spinco model 
120B amino acid analyzer using columns packed with Beckman Type 
AA-15 and PA35 resins and operated at the flow rates of 35 ml. 
ninhydrin reagent and 70 ml. buffer per hour. Ninhydrin reagent 
for tthe color Hecelonren’ with amino acids was prepared by 
dissolving 80.0 g. ninhydrin in 4 liters of solvent consisting of 
75 percent methyl Cello-solve and 25 percent 4 M sodium acetate 
buffer (pH 5.51). The samples for chromatographic analysis of 
amino acids were prepared in the following manner: 

One milligram of lyophilyzed rapeseed protein fraction 
was hydrolyzed with 1 ml of 6 N constant boiling hydrochloric acid 
for 18 hr. at 110°C in an evacuated, sealed tube. The hydrolyzate 
was evaporated to dryness in a vacuum desiccator in the presence 


of sodium hydroxide. The dried hydrolyzate was dissolved in 5 ml. 
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Oimcccmmecitrate butter vor piy2.2 and 2 ml. of the solution was 
used for the determination of the acidic and neutral amino acids, 


and another 2 ml. for the basic amino acid analyses. 
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IV. RESULTS 

Standard Kit Curves for Molecular 
Weight Determination on Sephadex 

To avoid overlapping of the standard protein mixtures, 
the determination of their elution volumes was conducted in two 
phases. The elution patterns of the pure proteins are shown in 
Figure 1. Elution volumes obtained for aldolase, albumin, 
chymotrypsinogen A and ribonuclease A were 65.6, 99.1, 126.1 and 
146.2 ml. respectively. Blue dextran 2000 gave a very sharp curve 
with an elution volume we Of 5i2 mi. Thercalculations»of tne 
ee (elution constant) values for the proteins was carried out 


according to the formula, 


See = Ue = M5 and are as follows: 
Vie= Vi? 
iE O 
65, Ons la i 
ee of aldolase, 97-9 = 31.1 = 0.0602 (M.W. = 158,000) 
¥ ik = Bik $ 
ory of ovalbumin, DOihOn= aS Nl + LO (M.W. = 45,000) 
F263 ORs ao) 


K__ of chymotrypsinogen A, = 0.3110 


av ZO eo ee a 
(MEW. = 25,000) 


Kee Oreiribonuclease Ay L46mee= oll) =) 023990 
oad Pil Sse 


(MW. = 135/00) 
A TLOt LO f Se values versus the logarithm of molecular 
weiclbssorathe Calibration Kiteproteinesisspresentedniny bigure 2. 
The relationship was found to be linear in the molecular weight 
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range from 13,000 - 45,000. 


Solvent Systems and Yield of Each 

Different solvents were used to extract various classes 
of rapeseed proteins. Ten percent sodium chloride, 0.01 M sodium 
pyrophosphate, 0.05 M acetic acid and 0.2 percent (W/V) sodium 
hydroxide were the solvents of choice for the purpose of 
investigating the effectiveness of extraction, because they have 
been widely used for studies on other seed proteins. As well, 
sodium chloride and sodium pyrophosphate are in use in other areas 
of food processing. Acetic acid was employed, as the globular 
protein bodies from most aleurone grains have been shown to be 
soluble in this acid. Sodium hydroxide may be capable of 
extracting those proteins which are not extractable by the other 
solvents. The yields of protein extracted by each solvent are 
summarized in Table 2. The results show that each of these 
extracting s@lutions had a different solubilizing effect on the 
rapeseed proteins. The percentages of the protein obtained from 
Lowry protein determination are lower than the yields calculated 
on dry weight basis. 

Dialysis of the extracts against appropriate dialyzing 
solutions, to eliminate the dialyzable compounds other than 
proteins, caused the precipitation of some protein components. 
The soluble and insoluble proteins obtained after lyophilization 
varied in color from rather white in the see et fraction of 
the acetic acid extract to a dark brown for the precipitated 


fraction from the sodium chloride. The schematic diagrams of the 
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electrophoretic patterns of the soluble and insoluble fractions 
for all solvents are shown in Figure 3, together with the value 
tables, revealing many bands stained to various intensities in the 
neutral salt and acetic acid extracts, but only one thick band 
detectable in the protein extracted with sodium hydroxide. These 
differences may be indicative of the concentration of the 
respective protein constituents or may be a manifestation of 
absorbability of the stain by the proteins. Only one faint band 
was shown when acetic acid was used subsequent to extraction with 
sodium pyrophosphate. Of all the insoluble fractions, it is 
generally considered that many of the bands are identical to those 
observed in the soluble fractions. The distinct bands observed to 
have no corresponding me values in the insoluble fractions from 
sodium pyrophosphate, sodium chloride, and acetic acid are defined 
as PPls PS1, PS3, PS8, PS13; and PA2, PA3, PA6 and PAY 


respectively. 


Chanactebisltics of Proteins strom 
Each Solvent System 


GiyeerProteinvextracted with O2015M 
sodium pyrophosphate 


a. Sephadex chromatography and 
molecular weight determination. 


The results of the chromatography of protein 
extracted with 0.01 M sodium pyrophosphate are shown in 
Figure 4, The SPl fraction appears to be the major 
constituent of the soluples traction. srive tractions, seh, 
SPII, SPIII, SPLIV and SPV were obtained from the soluble 


material and two fractions, PPI and PPLII were obtained 
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. tube no. (3 ml per tube) 


Elution curves on Sephadex G-100 of proteins extracted with 





Figure 4. 
Eluant used, borate 


0.01 M sodium pyrophosphate, pH 7.0. 
buffer pH 8.6. 
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from the material precipitated during dialysis. In 


Figure 5, the elution curves for the molecular weight 


determination of each fraction separated by gel 


filtration on Sephadex G-100 are shown. 


volumes of 63.4, 110.7, 


3b. 2 ml. 


were obtained 


SPIV, SPV, PPI and PPII 


determined as follows: 
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K of 


K of 
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K Of. 
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The molecular weights of 


SPL, 


SPII, 


SPIII, 


SPLV, 


SPV, 


PPI, 


PPIL, 





respectively. The Koy 
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63.0 - 51.1 = 0.0494 (M.W. 
29 Roam io 

1367 20 suo Pele =" 0.35348 0Me we 
PASE SC oilaalk 


The elution 


USa 2 OnOs 219.5, 05.0 and 


LOGE racttOns@onl.) oe lly ort Le 


values are 


170,000) 


35,000) 
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= 19,000) 


< 10,000) 


<0 000) 


175,000) 


= 18,500) 


SPL, SPILT, SPlly PPL 


and PPII calculated from their ie values were 170,000, 


32,0004 19, 0005 1/5), 080 cand = iS® 500 respectively aeine 


molecular weight of fractions) SRIV and SPV are less than 


10,000 and outside the range of the standard curve. The 


results of molecular weight determinations indicates the 


SimLuanity of £racuionesPi tomer in eand) SPliimtourei dL, 


‘se : ne 
Ai .t3eql eit privat dared giao erry ee news. 
night riloowlem $8) ret evvros nolsihe ae, 4e prvi? 
lag Vi oh ose colsony) dont DO "Retoaniines tsb 
neta naty ot Of-D <ajanyemhowo, selseie Fy 
fae Golo .c cert , 6. 404 SAE OS Old) (OES se eomeioe 
1s . Ty. 192 enoltoast 103 borlee’> Siep aie 5.068 


S46 2eovlny oA wr sVAsel Jao 9% 7? tow I97 ,V3@ , Fite 


evwolle} an Donraved sp 


ee ee 





(0 0 i - iiite Jo a 
= — —*~ iT 7 ve 
- 
“v Bai LC ae PS Te ‘ 
— — ay ° A ( 
C.J ? i i ’ ee 
~ M + ’ 
, E : v 7 
(Oa. Oi JM) Ss we ae ee fae 208 yi 7 
ooh Pi rs VA a ss 
: , r = - 
- 
(@ . ; ) a, 17] 36 . if 
Jui? .< ©. 1° “2 : : 
‘ y 7 
- 5 
ae a «2 = Py | i.) { =} 4 ) ( Cie | i444 a“ _ - 
——« ~ ——~s } a) 
lee v4 i = 
: er s 
Me gli Me 411t.,1? 4  F- ixtmpet agi sr ae 
- 1 7 
pO0O( O71 sisw soul ov my si naa) pwaltetas ITd? Dre _ a y 


sift eenvereagy (2° DOR SRE Baa + aD bed, *t ,000,¢¢ ae - Ae 





0.4 


A 280 mu 


Bio trem). 


48 





60 ; 100 140 
tube no. (155 mlsper atube) 


Elution curves on Sephadex G-100 for molecular weight 
determinations of proteins extracted with 0.01 M sodium 
pyrophosphate, pH 7.0. Eluant used, phosphate buffer, 
pH 6.9, containing 0.05 M sodium chloride. 
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Polyacrylamide disc gel electrophoresis. 

Bee one ee na Oteollas Pie rid oP lyeand 
SPV (Fig. 6) show 11,°6, 5, 2 and 1 bands respectively. 
The protein constituent having the ae value 0.0558 
appears homogeneous in fraction SPV. Results of poly- 
acrylamide gel electrophoresis of the two fractions from 
the insoluble material are given in Figure 7. Six bands 
were detected in fraction PPI whereas 2 bands were 
Opservedsin fraction» PRl1. eMest of the bands present; in 


PPivage identical ito those present)in SPI; 


Amino acid analyses 

Table 3 lists amino acid analyses of 
fractionated proteins from the soluble and insoluble 
portions of the pyrophosphate buffer, expressed as 
percentage of the total amino acids. Comparisons of the 
values show the variation of some amino acids, generally 
in the aspartic acid, proline, glycine, valine, tyrosine 
and lysine contents. Fraction SPV is deficient in 
cystine, lysine, histidine and arginine. Obviously low 
proline and high methionine were observed in the fraction 
PPI. Distribution of amino acids in fractions SPIIvand 
SPIII are essentially the same as the distribution in 


fraction PPII. The only difference is that fraction PPII 


contains lower amounts of lysine and histidine than SPII 
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Figure 6. Schematic diagrams of electrophoretograms of sepatated 
soluble fractions of proteins extracted with 
0.01 M sodium pyrophosphate. 
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Pieure. 7: Schematic diagrams of electrophoretograms of separated 
insoluble fractions of proteins extracted with 
0.01 M sodium pyrophosphate. 
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(2)esProtein extracted in 10 percent 
Sodium Chloride. 


ae 


Sephadex chromatography and 
molecular weight determination, 


The chromatography of the dialyzed sodium 
enloride extract, soluble (SS) and insoluble (PS) 
portions, resulted in three and two fractions 
respectively. The chromatographs are presented in Figure 
8. The characteristics of the chromatogram indicates 
that SSII was composed of a large amount of protein which 
is water soluble. The distribution of the soluble and 
insoluble protein eluted with phosphate buffer, (pH 6.5), 
containing 0.05 M sodium chloride are presented in Figure 
OemberacCciOonsuonl, ooll, poolll, PSL) and PSIL have 
el ievonevolumessOim 2.0.5.0), 209.0,, 05.) and 113777 (ml, 
respectively. The calculation for the eee values of each 


isolated fraction is shown below: 


Koy ne Sik, 72.0 - 51,1 = 0.0867 (M.W.=115,000) 


2917.9 f= lve 


ae of) SSI, 135.0.-%51.1 


073484" (Mawes 197000) 


KeeeOrecol ll, ZOD. Syed al 056393) (MWe < 105,000) 


ae i Sota 
KmOLuesl. 64.5 - 51.1 = 0.0556 (M.W.=160,000) 
ao Ae) Soha 


0.2598 (M.W.= 32,500) 


K of PSII, beth? Saal 
on 29 1 Ou eN 


According to the Ke values, the molecular 
weights of these fractions were found to be 115,000, 


19,000, 160,000, 32,500 for SSI, SSII, PSI and PSII 
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tube no. (ml. sper tube) 


Elution curves on Sephadex G-100 of protein extracted with 
10 percent sodium chloride. Eluant used, borate buffer 

pH. 8.6, containing 5 percent, sodium) chloride. 

Soluble fractions 

eae Insoluble fractions 
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Elution curves on Sephadex G-100 for molecular weight 
determinations of protein extracted with 10 percent sodium 
chloride. Eluant used, phosphate buffer pH 6.9, 
containing 0.05 M sodium chloride. 
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56 
respectively, and the molecular weight of SSIII is lower 
than 10,000. 

Polyacrylamide disc gel 
electrophoresis of 10 percent 
sodium chloride extract. 

The electrophoretic patterns of fractionated 
proteins extracted with 10 percent sodium chloride show 
LO.) te and 4 snore DOP. for) themeels SSI, Soll vand SsiiL 
Uie ws 0)vands? bandsmrorp borne rslmandsrsl lecels (hic, 
1). The constituents of SSillare almost the same 4s 
those detected in the fractionated soluble fraction. The 
Dapdsecol.l. pooled epoo lo sp OOLeG noo l., ooLl.Oy Sols9 «and 
Soleo sare LdentsicalmtosoSl LL. liso. 2, sSil. 3 jac .4, 
SSlit6, SSiiec.seSSLL. 12 and SSidel4- respectively. and 
Sole LO siismsaind Lares tOwos lio .eseroteins PS 4eandersicy 


aver cOrrespondingiy esimilareto PSil 3 >and! PSil.o. 


Amino acid analysis 

The amino acid analysis of all fractions of the 
NaCl extraction are presented in Table 4. The insoluble 
proteins, PSI and PSII, contain lower amounts of basic 
amino acids than the Soi cte proteins. In the case of 
all the three soluble fractions the amino acid 


concentrations are comparable. 
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Figure 10. Schematic diagrams of electrophoretograms of separated 
soluble fractions of proteins extracted with 10 percent 
sodium chloride. 
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Figure 11. Schematic diagrams of electrophoretograms of separated 
insoluble fractions of proteins extracted with 10 percent 


sodium chloride. 
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(3). Protein extracted with 0.05 M 
acetic acid. 


cle 


Sephadex gel filtration and 
molecular weight determination 


The protein extracted from the meal with 0.05 M 
acetie acid s(pH 3.1),, bothesupernatant and fraction 
precipitated upon dialysis against 0.005 M acetate 
buffer (pH 4.1), were chromatographed on Sephadex G-100 
using 0.005 M acetate buffer as the eluant. A plot of 
optical density vs. fraction number (Fig. 12) showed 
similar elution patterns containing two peaks in both the 
soluble (solid line) and insoluble (dotted line) 
fractions. In the determination of the molecular weights 
of these fractions (Fig. 13), the elution volumes of 
Doe rly poe. Ween dnl oa ie swere sLOUnGeLOLT SAL, ccALL, 
(the soluble fraction), PAI and PAII (the insoluble 
fraction), respectively. The Loe values are determined 


below as: 


K of SAT, 59.1 - 51.1 = 0.0332 (M.W. = 220,000) 
ne 094 OME a 5 Ital 

Karol SAIL; p 137s eel = 03571 OW ely se0U) 
eM Dio = Sil 

me of PAT, 61.95 - 51.1 = 0.0450 (M.W. = 185,000) 
Ad Recall | 

RaMGGePAIT, 1340/2251) = Oasl7 1) (Mewes as, 000) 


29150 =) Le. 
The molecular weights corresponding to the ee 
yalues of SAL, SAIL, PAL, and) PALL are 220,000, 17,800, 


185,000, and 18,000. 





4 0.0 ithe Bi 





tan nodal aa 
nots carlos ob jg bow te {dm 


M €6.0 d2tw teem ald mos? batogetee.nistorg BaP 
noldses4 hist Ietadondnn Apia 08, ti): Mae gioous 
asnroge 1 °F00.0 Sonloge elayt@kh prdinyy hsverlyoevg 
lh xobmlyod uo Redgoryuidnerte drow (Clie ig) Toried 
to Joly A ctnnule ott a d0Tbd Siuteaa w O00.0 gale 
b dor cuit ts 4g?) roilmyey nec re ay viewed fedlige 
arts dyed nl edaag oe galnisinw® ensotteg tetivle tobi 


(anli hatich) siddldan teu (atilt Wilee) eidules @ bd ” 


f - 
a .Y r 
ail y tnidvgaianw aht Toe debi enlaea oh aH el anoeitsas3 q ; . ut 
Yo tpthtevy mortal » opis ed ed) ectlasays seets 3a : is 
' ~ ae . 
3 : wv j 
<bLAR ,i42? TO? bunvot eteuw fa) etl God US eh Tht RE -. . : 
. _ ih 7 
“ . : tet 7 
oldwtoaet wt!) TIAS hoe TAD pOralioatald aidefoe sift) iY rou 
4 t ' ry 4 uD 
bowinveteb ove eaubav . A sd .wisVlisegeay faniioevi i 3 a 
vis . bs i, 
3 7 
| seb polod ; r i 
(oon o< = > M) SPO. x Lie = £0e . TA %9 vat i 
. Te 2 Pe : A Salt 


f 
a 
(GON © WM) 12E 0 = ee \ 


we = @, " a ta 


* a ) | bw t aS 

wim) 20.0 ce ee, ie 
: Patt .@ = ge! i ATA 0 a . (Yo 

ii r 2 | - ~ . 


(000,21) 


: ey - eR eer 





A 280 m/c 


Figure 12. 


60 80 








tube no. (4 ml. per tube) 


Elution curves on Sephadex G-100 of protein extracted 
Eluant used, acetate 


WHEE wOOAM SaCeOLLO Cid wip soil. 


buffer pH 4.1. 
Soluble. fractions 


Insoluble, fractions 





er oe 3 mar. 





A 280 m AL 


© 


Ficuresl>. 





62 





yl eee ee l ee 


; 140 180 
tube mo. G1 45 ml. pen tube) 
Elution curves on Sephadex G-100 for molecular weight 


determinations of proteins extracted with 0.05 M acetic 
Eluant used, phosphate buffer pH 6.9, 





aoud,  ply.3. Ls 
containing 0.05 M sodium chloride. 


Soluble fractions 
Insoluble fractions 





A 


nn 


as 





63 
Polyacrylamide disc gel electro- 
phovesis of protein extracted 
witieO.,O5 Miacetic, acid. 

Protein extracted in acetic acid gave electro- 
phoretrespatterns as shownJin’Fies. 14 and 15, Of the 
soluble fraction, the gel SAI contains protein band SAI.2 
which has the same Me value as band SAII.1 in gel SATI. 
The rate of migration of protein SAI.1 is in between 
protein SAl and SA2 which were detected in the unfraction- 
atedgsoluple protein, but the similar characteristics in 
dye absorption seems to suggest that the band SAI.1 may 
be the same as proteingsAl.§ The bands SA2, SAl5 and SAl6 
were probably lost during the process of fractionation as 
they were not detected in either of the two gels. The 
diagram for PAII was made according to the results 
expected by the comparison of gel PAI to the unfraction- 
abe@ insoluble fraction) PAcea tL consistsy of) fayeuiaint 
bands. 

Amino acid analyses of protein 
extracted with acetic acid. 

The amino acid analyses carried out on protein 
fractions, extracted with 0.05 M acetic acid are given in 
Table Dameell comparison, fraction SAL, SAL, @PAlS sand 
PATTI show similar distribution of amino acids. The 
detailed differences are in fraction SAI, which contains 
higher aspartic acid and lower glutamic acid than the 
others, fraction SAII which contains high methionine, and 


fcoaction PALL whiicheis Joweinealanine, All fractions, in 
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Figure 14. Schematic diagrams of electrophoretograms of separated 
soluble fractions of proteins extracted with 


O2,0>aMeacetic acid. 
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Figure 15. Schematic diagrams of electrophoretograms of separated 


insoluble fractions of proteins extracted with 
Us06sM aceticsacid. 
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67 
common, contain high lysine content. Using 0.05 M acetic 
acid to extract the protein from the residue remaining 
after using 0.01 M sodium pyrophosphate resulted in only 
small amount of protein with high aspartic acid, 
threonine and tyrosine, but slightly low in basic amino 
acids and decidedly deficient in proline, cystine and 


methionine, 


(4)" Protein extracted with 0.2 
percent sodium hydroxide 


a. 


Gel filtration on Sephadex and 
molecular weight determination 


The elution curve for the chromatography of 
protein extracted with 0.2 percent sodium hydroxide (no 
precipitate formed during Miles on Sephadex G-100 
shows three separated fractions (Fig. 16). The molecular 
weight was determined only for fraction hI since the 
other two fractions were present in only small amounts 
and the peaks were too broad for precise determination of 
elution volumes. The elution volume, Se and the 
molecular weight of hI are 57.9 ml, 0.0282, and 218,000 
respectively. The elution pattern of peak hI is shown in 
Pigures.L/.. 

Polyacrylamide disc gel 
electrophoresis (Fig. 18) 

A thick band was detected in all fractions with 

somewhat too faint, fast-moving bands in gel hI. 


Diffusion found below the detected protein bands was 
































Aedes W EO:R tel :alieteine ‘ated! bb, 

guelataaey aubteaT Bey “nin ynreye uate 
giant of Wet loess stanky dba ye nuitios « nt giles ssh 

jbiaa sitveges Aglt deiv nledorp te\saeeee i tou 

cntuy oféet of wal ylvdetin Jud” ee ee oatwoaiuty 

iva Sn! i pido at Isigtalash ib pet hie bien 


annotate 


€.0 de bedopsdee atpterg 
ohivwiiy mrboe Inorg 


baa gaicqum po Hebe TaD * alt 
dvifcntingsst afgioy teleaetem 


iu wk atdimatio. add vol ie Nertets alt 
wy) HD; byl cay te In bau ace 0 i wr Deana ieee Ai SATIG 
OUl</ ~etmiigne mm ae fert 5 Me) myoredr éo47 iq rang 
satisa ton TT tél git) piaticet? & yap: of ca 96/9019 mroule 
abe Tr apjd oo (tins Desth hi gat) pel) ay Sia tow 


gdnvdme flaws) lab dt Hho) nage owed aed ine 
Jo nollamigusion sateotq oP haowd eed ataw Glpee-eae {have 
AY Sie | Motu Low tgirls, Sa ain neh ele 

Vé ' j 


hug ,S8l0,0 , fn (Ve ate Te tovddgeme siiuoetnas 


AL Gots wi Id sesq to VrsI5Ag neisale ant »tieviivugqess 






= 


if 


68 








8.4 


8.0 


A 280 m 


152 











at eee Se { 
60 80 100 
tube mo, (4 mle) pexmitube) 


0 
20 40 


Elution curves on Sephadex G-100 of proteins extracted 
with 0.2 percent sodium hydroxide. Eluant used, borate 


Doeren pi’ 9.0. 


Figure 16. 
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Elution curve on Sephadex G-100 for molecular weight 


determinations of proteins extracted with 0.2 percent 
Eluant used, phosphate buffer pH 6.9, 


containing 0.05 M sodium chloride, 


20 


sodium hydroxide. 
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Figure 18. Schematic diagrams of electrophoretograms of separated 
soluble fractions of proteins extracted with 0.2 percent 
sodium hydroxide. 
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probably due to partial hydrolysis by sodium hydroxide, 
and appeared not only in fraction hI but also in hII and 
hIIf, to a lesser extent. 

The amino acid analysis for the sodium hydroxide 


extract was not performed. 
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V. DISCUSSION 

Yields of Protein from Different 
Extracting: Solutions 

Table 2 shows that 0.2 percent sodium hydroxide extracts 
more protein than the other aqueous solutions, but it also was 
found to dissolve more green pigment from the meal. Acetic acid, 
0.05 M, is a poor extractant of rapeseed meal protein compared to 
the other solvents. This is to be expected since the isoelectric 
point of rapeseed protein is around 4 as reported by Pokorny et 
al. (1964) and higher solubility of most proteins is observed at 
pH values removed from the isoelectric point. The effectiveness 
of 10 percent NaCl and 0.01 M sodium pyrophosphate extracting 
solutions is similar, as indicated by Lowry protein determination, 
tnoughea ditference in specific salt effects was expected, Since 
in addition to disruption of electrostatic forces and hydrogen 
bonds, salts may especially influence extraction of protein by 
chelating metal ions. Pyrophosphate buffer hae been useful for 
protein extraction, particularly for enzymes, since many metal— 
protein complexes are insoluble and the ability of pyrophosphate 
to chelate metals is of value in bringing these proteins into 
solution. With the exception of prolamines, which contain a high 
proportion of nonpolar side chains, most typical albumins or 
Saat should be soluble in salt solutions at the pH used 
(pH 7.0). The very small amount of protein obtained from meal re- 
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extracted with acetic acid after an initial pyrophosphate 
extraction, indicates that the pyrophosphate salt solution can 


extract the majority ofthe’ protein soluble in acetic acid. 


Eitects#or Dialysis 


Extractable protein is reported as two fractions, one 
soluble after dialysis and the other precipitated on dialysis, 
quantitated both on a dry weight basis and by Lowry protein 
determinations (Table 2), but the discussion will emphasize the 
results of the Lowry method as this is probably more accurate. 
Dialysis can employ a variety of solvents, but for peptides and 
proteins aqueous solutions are usually the ones of choice. 
Distilled water as a solvent nearly always provides a more rapid 
rate of dialysis than any mixture of solvent or solute, and is 
preferred unless pH control is required in order to maintain the 
dialyzing solute in a stable condition, avoiding tendencies of some 
proteins to dimerize at the pH of distilled water. Since globulin 
is less soluble in water, dialysis against distilled water was 
carried out as a preliminary fractionation step to separate this 
protein from the sodium chloride extract, About 63 percent of the 
protein soluble in 10 percent sodium chloride is recovered as an 
insoluble fraction on dialysis: 

It was noticed that precipitation by dialysis reduced the 
solubility of the protein being redissolved in the original 
extracting solvent, In order Comminimize, this reduction, the 
dialysis of the extracts of pyrophosphate, acetic acid and sodium 


hydroxide was carried out in solutions buffered at pH values close 
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74 
to™the ‘corresponding extraction media, but’ there was’ still’ an 
amount of protein forming a precipitate at the experimental 
conditions employed. The results obtained during dialysis of 
protein extracted with 0.01 M sodium pyrophosphate against borate 
buffer, pH 8.6, do not agree with that of Bhatty et al. (1968) who 
reported that no precipitate formed after dialysis. This 
difference may be due to the concentration differences of the 
protein in the solution and to the longer dialyzing period of the 
present study. The amount of the precipitate increases during the 
prolongation of dialysis. The precipitate from this extract 
accounted for? 3) percent Of the? total” protein extracted. “Half of 
the extracted protein is precipitated during dialysis of the 
acetic acid extract against 0.005 M acetate buffer. There is no 
precipitate formed in the aliquot of sodium hydroxide soluble 
protein, probably because of the hydrolysis to polypeptides. The 
multiple operations of dialysis, fractionation on a Sephadex G-100 
column, and lyophylization eres in some losses of material. 
Higher losses in protein of low molecular weight from pyrophos- 
phate and sodium chloride extracts may neve been the result of the 
dialysis operation, wherein low molecular weight particles could 
pass through the cellophane tubing. 

Sephadex Chromatography of 
Rapeseed Proteins 

The molecular weights determined by gel filtration suggest 
that the fraction designated PPI (precipitated on dialysis) in the 
chromatogram of protein extracted with 0.01 M sodium pyrophosphate 


(Migueernd 5) eis Similar tomthe™ fraction deeignated SP, the 
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major constituent of protein soluble in this salt solution. These 
two fractions, SPI and PPI, have molecular weights in the same 
range as PSI, the water insoluble protein fraction present in the 
sodium chloride extract, which has a molecular weight about 
i707 O00 (Rie sonand.9).. \Witheresard to their solubility, and 
molecular size, the proteins of these fractions are considered to 
be seed globulins. Neutral salt solutions appear to dissolve low 
molecular weight proteins and peptides which are eluted late from 
Thescoliumm anetractionsesPlV, SPV andePSiil. “Soluble: proteins 
from fractions SPII, SPIII and SSII, with an average molecular 
weight of 32,000 (SPII) and 19,000 (SPIII and SSIIL) are suspected 
to be albumins. Although the solubility behavior of SSI indicates 
that it should be classified as an albumin, the molecular weight 
is much larger than the albumin type, hence, it may be some 
globulin contaminant resulting from incomplete precipitation 
during dialysis, even though the molecular weight is less than 
EnosemOteLractionsesSP.h,. PP and PSL, we lhe wnsolublesmaterial of 
fraction PPII and PSII are probably precipitates formed by a 
denaturing process or by an interaction of proteins, since 
histones often precipitate other proteins from solution. 
Extraction of proteins with 0.05 M acetic acid resulted in a 
distribution of protein, quite different from that of the saline 
dispersible proteins. 

The proteins extracted with acetic acid contained none of 
the low molecular weight proteins found in the neutral “pis 
solutions (Figs, 12 and 13). The protein extracted by acetic acid 


is largely of molecular weight 17,800 to 18,000, similar to that 
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76 
o£ soluble fraction SALI. and the insoluble fraction PAII. The 
lesser fraction resembles the proteins of molecular weight 
220,000 and 185,000 of the soluble fraction SAI and insoluble 
fraction PAI. The SAII and PAII components are probably histones, 
the basic proteins which are characterized by being soluble in 
dilute acid solution, while the class to which the high molecular 
weight protein should belong is not known. The elution patterns 
in Figure 13 and 14 indicate that the fraction SAII is less 
solublesim prosphate buffer, pH '6.9, (thansin acetate buffer, pH 
4.1. The proteins designated hI, found in the NaOH extract are as 
large as that of SAI and show high optical density in the ultra- 
violet range. 

Meeanpearsethav Cractlonssoll Linn PPUL SY SSLi ye oALl and PALI 
contain the histones of group 2 or group 3, based on the molecular 
size classification of Murray (1964) and the solubility behavior. 
These fractions seem to be similar to the 1.7 S protein which 
Bhatty et al. (1968) found in rapeseed B. napus, Var. Nugget, a 


basic protein of molecular weight 13,800 i 300. 


Polyacrylamide Gel Electrophoresis 

Results of polyacrylamide gel electrophoresis of rapeseed 
protein, both the unfractionated soluble and insoluble proteins 
extracted in the four solvent systems (illustrated in Pig. 2) 
showed that extraction of the meal with neutral salt solutions and 
0.05 M acetic acid yields a mixture slow- and fast-moving 
components, whereas extraction with 0.2 percent sodium hydroxide 


yields a single protein component which remains almost at the 
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Vd. 
origin of small pore gel. The most heterogeniety seems to be 
present in the 10 percent sodium chloride extract which reveals 21 
components in the soluble fraction (SS) and 16 components in the 
insoluble fraction (PS). Most of the bands of the insoluble 
fractions are detected at positions corresponding to those of 
several soluble protein bands, indicating that there is some cross 
contamination of the protein constituents from each system. The 
electrophoretic patterns of neutral salt-soluble proteins of B. 
campestris show more complexity than those observed by Vaughan et 
al. (1966). These results may be due in part to the better 
staining affinity of Coomassie Brilliant Blue R250 over Amido 
Black, as stated by Chrambach et al. (1596/7). sandealso: coptne tact 
that urea is a strong dissociating agent. Because of the use of 
urea in the gels, some bands may be attributed to protein 
complexes at various stages of association and dissociation. It 
is expected that DTT in the gels will have a similar effect. 

Zone electrophoretic patterns of rapeseed protein 
extracted with pyrophosphate (as shown in Fig. 6) indicates the 
largest amount of heterogeneity in the proteins of fraction SPI. 
Fractions from the pyrophosphate extract contain much more of the 
very slow moving components than those of 10 percent sodium 
chloride and acetic acid extracts. Comparison of the globulins 
(fractions Sel, ePPL, SSlvandsPSi; eshownei nel conmO ue sel mancm ls 
respectively) for the two salt solutions examined shows that they 
contain a similar number of-bands and are characterized by 
approximately the same Ne Values. euslne majority of proteins 


observed in the insoluble fractions PPI and PPII (Fig. 7) are slow 
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78 
moving bands, while the insoluble fractions PSI and PSII (Fig. 10) 
contained both fast- and slow-moving protein bands. Proteins 
PPV manderp hie resemble TOkLs lm and*fPolis2, respectively, in 
their cate of migration ‘and “staining “characteristics. “ The low 
molecular weight proteins of the two salt solutions show different 
electrophoretic behavior in the alkaline gels employed in the 
study. 

Although@acetic acid can “extract only ‘a imal?! "amount of 
protein from rapeseed meal, gel electrophoresis shows the presence 
of a number of bands (shown in Figs. 14 and 15). Some of 
proteins which could not be detected after fractionation on 
Sephadex G-100 were probably lost during the many steps of sample 
preparation or possibly as an effect of the dissociating agents. 
At least 8 bands were present in the histone fraction, SAII, and 
these bands have migration characteristics similar to several 
protein bands of) the SSEl ‘fraction of the! NaCl extract. 

The gel patterns of protein extracted into 0.2 percent 
sodium chloride are distinct from those soluble in the other 
extractants. They reveal a single band in all fractions which 
migrates very slowly towards the cathode as a thick zone. The 
diffusion effects observed in the staining of these proteins, 
suggested that they are relatively low molecular weight molecules. 
Perhaps they resulted from the alkaline hydrolysis of some of the 
protein to polypeptide which would account for their ready 
diffusion from the gels. 

In many gels there are some components which migrate 


within the large pore gel but do not enter the smaller pore gel 
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layer. This phenomenon may be partly attributed to their large 
molecular size and partly to their neutral or strongly basic 
character. The number of protein bands in the various solubility 
groups within each extracting medium are widely varied, and it is 
impossible to correlate the bands of the electrophoretograms with 
specific rapeseed proteins. Interpretation is further complicated 
by the dissociating effect of the urea and DIT employed in this 
study. Moreover, as enn by disc electrophoresis, there was a 
considerable overlapping between neighboring fractions since the 
peaks in the chromatograms do not go to the base line and there- 
fore add to the complexity of the results obtained. 
. Amino Acid Analyses of 
Fractionated Rapeseed 
Protein 

Amino acid analyses of the gel filtration fractions 
SPI and PPI (reported in Table 3), which are considered to be 
protein globulins, contain uniformly high aspartic acid, 
methionine, leucine, arginine and tyrosine residues, but they 
are low in their cystine and histidine content. Fraction 
SPII and SPIII closely resemble each other in amino acid 
composition, but again the valine content is different. 
Fraction SPIV of the low molecular weight proteins is low in 
aspartic acid, methionine and tyrosine, but contains high levels 
Of the basiceamino acids, while fraction SPV is high in 
serine, glutamic acid, proline and glycine but contains only 
trace amounts of the basic amino acids and suffers from the 


complete absence of cystine. The strangely low values in 
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80 
all basic amino acids of SPV may be due to an error in the 
operation of the chromatographic column. All fractions of the 
pyrophosphate extract appear to be good sources of the essential 
amino acids threonine, leucine, isoleucine and phenylalanine. 

ASegiseappatent trom the data in Table 4, the similarity in 
thesaminog acid ecompositions of siractions SSliand PSI to those of 
SPI and PPI support the results obtained from the solubility, gel 
filtration and electrophoresis behavior indicating that these 
proteins belong to the same group. Fraction SSII is different 
from SSI and SSIII in amino acid content, even though this 
fraction must be heavily contaminated with the latter fractions. 
So uilsiselower sineaspantic .acid, but richer in proline and cystine 
than solyand.ssoLil. sePSLisshows ghieh Levels of glutamic acid, 
proline and cystine whereas tyrosine, lysine, histidine and 
arginine are low. Generally, the essential amino acid contents of 
the protein from the 10 percent sodium chloride solution seem 
comparable to the other two solvent systems except that a rather 
low content of lysine and histidine is shown in the fraction 
insoluble on dialysis (PS). 

The amino acid composition of the fractionated proteins 
from.0.05eM acetic acid extracty(listedein Table_5>) showsythat all 
contain large amounts of the basic amino acids, as well as proline 
and considerable quantities of cystine; although all are low in 
tyrosine. The significantly high lysine, histidine, arginine and 
proline contents strongly support the contention that these are 
histone like proteins, suggested by the solubility oat molecular 


weight determinations. The electrophoresis patterns do not give 
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much information in this regard, other than indicating the 
complexity of the protein mixture. 

ieee simportants to note that fractions SSI, PSI and SAI 
contain some quantity of carbohydrate. This assumption is 
supported by the occurrence of a black suspension in the hydro- 
lyzates. The presence of carbohydrates in these fractions may 
result in negligible to large losses of amino acid during 
hydrolysis and this therefore may be responsible for some changes 
in the amino acid patterns of these fractions. 

This preliminary investigation on whole rapeseed meal 
proteins suggests that similar commercial techniques can be 
developed to purify the proteins. It is apparent from our data 
that approximately 50 percent of the total protein can be 
extracted with salt solutions, and dialyzed free from toxic 
substances of low molecular weight. The protein might then be 
used in a manner similar to any other protein supplement. However, 
in order to make the rapeseed proteins more suitable as a food or 
as an ingredient of foods, the basic aspects of processing need 
more extensive studies. Dialysis appears useful as a method for a 
selective separation of those proteins of high nutritional value, 
however, losses through the dialysis tubing of low molecular 
weight proteinaceous materials may have been large and hence these 
losses must be considered. Information obtained from detailed 
studies on the characteristics of rapeseed protein using different 
analytical methods may add some knowledge to the chemistry of 
rapeseed proteins and be at least indirectly valuable to industrial 


research, in the same way as the ever-expanding knowledge of the 
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chemistry and properties of soybean proteins increase their 


utilization in new developments in processing technology. 
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VI. CONCLUSIONS 


Sodium hydroxide, 0.2 percent, was the most effective solvent 
employed, giving the highest yield of proteinaceous material, but 
this solvent appears to cause an alteration of sega aS which makes 
further gel electrophoresis study and amino acid analyses 


unreliable. Although the two neutral salt solutions yield a 


‘comparable amount of protein, they have different efficiency in 


their extracting power on the various classes of proteins. Gel 
electrophoretic patterns of the NaCl extract reveals this solvent 
has the most heterogeneity in the protein components. The overall 
essential amino acid contents are quite similar for neutral salt 
soluble proteins. 

Gel filtration, based on the molecular sieving effect, fractionates 
the rapeseed protein which is soluble in each of the four solvent 
systems employed into three main groups. They are the proteins of 
molecular weights of between 160,000 to 220,000 intermediate 
molecular weights mathe tancegofes2, OO0k ton) o, COUR ands thes Low 
molecular weight proteins of less than 10,000. 

Seed globulins which are soluble in neutral salt solutions are 
present in the largest amount and are well characterized in the, 
Study. welneypareshighviln asparticeacidsamethionine, slcucines 
arginine and tyrosine residues, but low in cystine and histidine. 


Neutral saline solutions also dissolve low molecular weight 
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proteins and peptides which are neither precipitated nor 
dialyzable during the operation in cellophane tubing. These low 
molecular weight proteins are absent in the acetic acid extract. 
The major group of proteins which are soluble in 0.05 M acetic 
acid solution are characterized by having an average molecular 
weight of about 17,000 to 19,000 and contain high levels of the 
basic amino acids, as well as proline and cystine. These proteins 
appear to be histones. 


The amino acid composition of the fractions separable during gel 


filtration are quite different from each other, but the essential 


amino acid contents obtained support the idea that rapeseed is a 
good source of nutritious protein. 

Electrophoresis on polyacrylamide gels is an efficient technique 
for analysis of rapeseed proteins. It demonstrates the hetero- 
geneity fe most of apparently homogeneous fractions from the 
Sephadex G-100 columns. At present the interpretation of electro- 
phoretic characteristics is somewhat complicated due to cross- 
contamination between the adjacent fractions and the dissociating 
effect of the 8M urea-DTT solvent, but it appears that the low 
molecular weight proteins are more heterogeneous than those of 
high molecular weight. 

The Standard Kit curve is not linear at the lower end of the 
molecular weight scale for Sephadex G-100. Since molecular weight 
estimations by gel filtration involve in principle a comparison of 
the behavior of the compounds under investigation with that of 
related weight and gel filtration behavior, the choice of proteins 


as molecular weight standards can considerably influence the 
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